Experiments were undertaken to verify the existence of fast sodium channels in the adrenal chromaffin cell membrane and to assess their contribution to the physiological release of catecholamines. We have used veratridine to activate sodium channels. Veratridine causes secretion of catecholamines from perfused cat adrenal gland. Secretory response to veratridine is calcium dependent and abolished by tetrodotoxin. Secretion of catecholamines by acetylcholine is only partially blocked by tetrodotoxin. It is concluded that the adrenal chromaffin cell membrane contains fast sodium channels directly comparable to those of impulse-propagating neurons, but they do not appear to be essential in the secretory response to acetylcholine or splanchnic nerve stimulation.
It is generally believed that acetylcholine (AcCho)-induced secretion of catecholamines from the adrenal medulla occurs by depolarization of the chromaffin cells in a nonimpulsive manner. Intracellular recordings from chromaffin cells have shown that AcCho-induced depolarization is due to inward currents of sodium and calcium ions, with sodium contributing quantitatively more to depolarization (1). Even though inward sodium current plays a major role in the AcCho-induced depolarization, secretion of catecholamines by AcCho is obtained in sodium-free media (2).
Veratridine has been used extensively to open sodium channels in a number of tissues. Veratridine evokes repetitive action potentials in nerves and, at higher concentrations, sodium-dependent large depolarizations (3, 4) . Veratridine also has similar effects on nonneuronal cells of the pancreatic f cell (5). Tetrodotoxin (TTX) abolishes veratridine-induced action potentials and large depolarizations (3, 4, 6) . Because TTX selectively blocks the voltage-dependent "fast" sodium channels without interfering with slow sodium-dependent nonimpulsive electrical activity (7, 8) and because it abolishes the veratridine response (i.e., repetitive action potentials and large depolarizations), the main site of action of veratridine appears to be localized to the fast sodium channels.
The present experiments were undertaken to determine the existence of fast sodium channels in the adrenal chromaffin cell membrane and to assess their contribution to the physiological release of catecholamines by AcCho. We have used veratridine to induce secretion of catecholamines from perfused cat adrenal gland and TTX to block the veratridine response presumably mediated by activation of sodium channels.
METHODS
Experiments were carried out in acutely denervated cat adrenal glands. Cats (about 2 kg) were anesthetized with ether, followed by chloralose (60 mg/kg, intravenously). The adrenal was perfused in situ with Krebs/bicarbonate (Krebs) solution at room temperature (26-28°C) by means of a pump (9). The Krebs solution was equilibrated with a mixture of 95% 02 and 5% CO2; the final pH was 7.4-7.5. The adrenal gland was initially perfused with normal Krebs solution for about 30 min. A 2-min control sample was collected to determine the background activity. The gland was then perfused with Krebs solution containing veratridine or AcCho for 2 min, followed by normal Krebs solution. In order to study the effect of hexamethonium on veratridine-induced secretion, we first perfused the gland with Krebs solution containing 100 ,uM hexamethonium for 10 min and then with hexamethonium and veratridine for 2 min. TTX was infused simultaneously with veratridine or AcCho. In estimating the inhibitory effect of TTX, hexamethonium, and low calcium treatment on veratridine-or AcCho-induced release, the spontaneous decline in catecholamine output on repeated applications of these agents was considered.
RESULTS
Effect of Veratridine on Release of Catecholamines. After perfusion with Krebs solution for 30 min, the resting secretion of catecholamines was 0.32 ,tg min-1 per gland. As the perfusion of the gland continued, the resting secretion was further suppressed to 0.035 jig min-t. However, resting secretion varied from practically nothing to about 0.4 ,ug min-1 in different preparations. Fig. 1 shows that catecholamines release was minimal at 1 ,uM veratridine and, as the concentration was increased from 1 to 30 A.tM, greater release was obtained. Catecholamine release was about 25-fold greater at 30 ,iM than at 3 ,uM. In contrast to the release of catecholamines induced by AcCho, the release induced by the highest concentration of veratridine used appeared to be only slowly reversible. In experiments in which the adrenals were perfused with veratridine Abbreviations: AcCho, acetylcholine; TTX, tetrodotoxin; Krebs solution, Krebs/bicarbonate solution.
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Because veratridine produced repetitive action potentials and, at high concentrations, large depolarizations, it is possible that the veratridine response might conceivably have been due to release of AcCho from the splanchnic nerves contributing to catecholamine release. In order to test this possibility, we studied veratridine-induced release in the presence of hexamethonium. In four experiments hexamethonium (100,M) reduced the veratridine response by 24 + 8.8%. When the glands were subsequently perfused with hexamethonium plus TTX, the response to veratridine was entirely suppressed. Because hexamethonium partially blocked the veratridine response, a portion of the catecholamine release may indeed have been due to release of AcCho. However, the remainder of the veratridine response must be attributed to the direct action of veratridine on chromaffin cell membranes.
In one experiment the adrenal gland was chronically denervated about a week before the experiment. Infusion of veratridine (30juM) caused secretion of catecholamines, but the response appeared to be reduced by about 30% as compared to the response obtained from the innervated glands.
Effect of Calcium on Release of Catecholamines by Veratridine. Fig. 3 shows that the veratridine-induced secretion of catecholamines was entirely dependent on the presence of calcium in the perfusion medium. Secretory response to veratridine (30 ,AM) was first obtained. During perfusion of the gland with Krebs solution containing 0.1 mM calcium, the release was almost completely blocked. The mean output in calcium-free solution was 0.75 + 0.47% (n = 4) of the initial release. On reperfusion with normal Krebs solution, the response to veratridine was partially restored. In four experiments, the mean recovery was 44 + 1% of the initial release. These experiments suggest that the veratridine-induced release is entirely dependent on the presence of calcium in the perfusion medium and that intracellularly bound calcium does not compensate for lack of calcium entering from the outside. The calcium dependence of the veratridine response in the adrenal gland is quite different from its secretory response in the pancreas. Veratridine evokes insulin release from the pancreatic f3 cells in calcium-free medium (5). The difference in the calcium dependence of the veratridine response probably reflects the size of intracellular calcium stores in the two tissues.
Effect of TTX on Release of Catecholamines by AcCho. Because secretion of catecholamines by AcCho has been shown to occur in sodium-free solution (2), it was of some interest to study the effect of TTX on AcCho-mediated release. Repeated infusions of AcCho (55 ,uM) 
